Cleavage of an inaccessible site by the maxizyme with two independent binding arms: an alternative approach to the recruitment of RNA helicases.
To overcome obstacles to target site selection, we recently created a novel hybrid ribozyme that could access any chosen site by the recruitment of intracellular RNA helicases [Warashina et al. (2001) Proc. Natl. Acad. Sci. USA 98, 5572-5577; Kawasaki et al. (2002) Nat. Biotech. 20, 376-380]. We also demonstrated previously that pol III-driven maxizymes with two substrate-binding arms that were directed against two different sites within a target mRNA formed very active heterodimers in vivo [Kuwabara, et al. (2000) Trends Biotechnol. 18, 462-468; Tanabe et al. (2001) Nature 406, 473-474]. Despite the complicated dimerization process, all the maxizymes that we tested in cultured cells had greater catalytic activity than the parental ribozymes. To investigate the action of maxizymes in cells, we designed a specific maxizyme with two substrate-binding arms that was directed against endogenously expressed LTR-luciferase chimeric mRNA, where LTR refers to the long terminal repeat of HIV-1. One substrate-binding arm of the maxizyme was designed to bind to a site within HIV-1 TAR RNA that is known to form a stable stem structure that normally prevents binding of a ribozyme. The other substrate-binding arm was directed against a relatively accessible site within the luciferase gene. As expected, the conventional ribozyme failed to cleave the TAR region in vivo because of the latter's stable secondary structure. However, to our surprise, the maxizyme cleaved the TAR region within the stem with high efficiency in vivo. The enhanced cleavage in vivo by the maxizyme might have resulted from an entropically favorable, intramolecular, second binding process that occurred during the breathing of the stem structure of the target mRNA. Importantly, our data suggest that this maxizyme technology might be used as an alternative approach to the recruitment of RNA helicases in cleaving sites previously found to be inaccessible.